Introduction
The coupling factor protein (CF,) of photosynthetic membranes plays a central role in the process of energy transduction [l-3] .
We have studied the interaction of this enzyme with its proposed substrates (i.e., AMP, ADP and ATP; ref. [4, 5] ) by using their fluorescent analogs EAMP, EADP and EATP [6] ). Some spectroscopic properties of these fluorophores and their biological activities (with other enzymes) have been described [7-lo] . Moreover, it has been demonstrated that EADP acts nearly as well as ADP as substrate for photophosphorylation (11; unpublished observations of the authors). We report here the first use of the fluorescence properties of the e-adenine analogs in studying their interaction with the CF1 enzyme isolated from spinach chloroplasts. We have shown that EADP and eATP, but not EAMP, bind to purified CF1, that differences in binding exist depending on whether the associated divalent cation is Mg* + or Ca* +, and that orthophosphate reduces the level of Mg*'-dependent binding of EADP to CFI .
Materials and methods
Pure coupling factor protein (CF1) was isolated from spinach leaves according to the method of Strotmann et al. Values of I/! and IL, where 11 is the intensity of the emission light polarized parallel to the exciting beam and II is the intensity of the emission light polarized perpendicular to the exciting beam, were obtained by counting over one-half minute intervals. All fluorescence measurements were made at room temperature, since CF, in solution is cold labile [ 131.
Results and discussion
If the relatively small fluorescent nucleotides (mol. wt. G600) bind to the relatively large (mol. wt. = 325 000), slowly rotating CFI macromolecule, the polarization of fluorescence @) is expected to increase above the p = 0 level for the unbound fluorophore.
Fluorescence polarization values significantly above the zero level were observed when eADP or EATP, but not EAMP, was added to a soluiion of CFI ( figs. 1 and 2) . As the concentration of added ligand (EADP or EATP) is increased above nearly equimolar CF I : ligand, polarization decreases towardp = 0 as a greater percentage of the total fluorescing population remains unbound. We also note that binding with eADP appears greater than with EATP.
A distinct difference in the binding curve is observed, depending on whether Mg2+ or Ca2+ is present as the divalent cation ( fig.1) . This difference probably reflects the existence of separate ion-dependent conformers of CF1 and/or distinct modes of binding to the protein.
This data could be at least qualitatively related to previous observations of Mg2+ vs Ca2+ differences in CF, activities [2, . (However, see refs. [12, where 'allotopic' properties towards divalent cation have been questioned.) Fig.2 shows the effect of orthophosphate on the Mg2+-dependent binding of EADP and EATP to CFI . While there appears to be little or no effect of phosphate on the EATP binding, the presence of phosphate significantly reduced the level of EADP binding to CF1 as indicated by fluorescence polarization. In experiments with the Mg'+dependent ATPase (in chloroplasts), Carmeli and Lifshitz [23] found that orthophosphate prevented the destabilization of ATPase activity as induced by ADP. Our results in fig.2 suggest that this is due to the interference by phosp b ate of ADP binding to CFI , either because of a phosphate induced change in the conformational state of CFI or a direct competition at the ADP binding site.
In conclusion, we have established (1) that there is binding of the nucleotides eADP and EATP with isolated , it must be able to bind to CFr only as the protein's conformational state becomes altered (e.g., upon energization by light); and (d) inhibition of ADP binding by Pi can be explained on the basis of a change in conformation of CFr . These hypotheses, however, need to be tested.
